ABSTRACT. Studies were performed to examine the effect of dopamine on the functions of neonatal polymorphonuclear leukocytes (PMN). Cord blood PMN were treated with dopamine and assayed for their superoxide anion production by the ferricytochrome C redudion method and for their rnyeloperoxidase-hypochlorous system ability by the luminol-dependent chemiluminescence using a synthetic chemotactic factor, N-formyl-methionyl-leucylphenylmhnine, as a stimulus. Dopamine inhibited N-form yl-methiony I-leucyl-phenylalanine-induc 01- NeonataI PMN play a crucial role in the host defense through their bactericidal activities. The cellular response to microbial invasion consists of chemotaxis, ingestion, intracellular killing, digestion, and the release of lysosomal components. The production of active oxygen metabolites, "respiratory burst," is an essential event in bactericidal mechanisms and the cells release active oxygen metabolites such as 02-, hydrogen peroxide and hydroxyl radicals during phagocytosis or when they are stirnulated by soluble agents such as FMLP. These oxygen metabolites are highly toxic and are also important in the pathogenesis of tissue damage in certain noninfectious diseases (I).
NeonataI PMN play a crucial role in the host defense through their bactericidal activities. The cellular response to microbial invasion consists of chemotaxis, ingestion, intracellular killing, digestion, and the release of lysosomal components. The production of active oxygen metabolites, "respiratory burst," is an essential event in bactericidal mechanisms and the cells release active oxygen metabolites such as 02-, hydrogen peroxide and hydroxyl radicals during phagocytosis or when they are stirnulated by soluble agents such as FMLP. These oxygen metabolites are highly toxic and are also important in the pathogenesis of tissue damage in certain noninfectious diseases (I).
It has been reported that widely used drugs, including general anesthetics (2, 3) and nonsteroidal antiinflammatory drugs (4), inhibit oxidative metabolism. Isoproterenol, one of the catecholamines that stimulates PMN membrane-bound adenylate cyclase including lysosomal B-glucuronidase release, 02-production, and CL (5). We have recently reported that dopamine, another catecholamine that is widely used as a therapeutic agent in neonatal intensive care units (6, 7), inhibits the adult PMN Ozproduction not through its P-adrenergic action but through its inhibitory effect on the PMN NADPH-oxidase activity (8).
Our present study was performed to examine the effect of dopamine on neonatal PMN functions: Oz-production, luminoldependent CL, chemotaxis, and bactericidal activity. In addition, plasma dopamine levels were measured in sick children receiving dopamine to compare ia vitro and in vivo dopamine concentrations and to make clear the clinical significance of dopamine administration in the newborn period. To examine some mechanisms of the dopamine effect on neonatal PMN 0 2 -production, additional experiments were also conducted using 8-or a-adrenergic receptor-mediated blockers.
MATERIALS AND METHODS
PMN preparation. Heparinized cord blood samples were obtained from healthy full-tenn neonates. The neonates were of between 38 and 42 wk of gestation, of appropriate size for gestational age (f 2 SD from the mean), and free of congenital anomalies, stress, or trauma. They had Apgar mres of 28. PMN were isolated by dextran sedimentation and the standard FicollHypaque density-gradient centrifugation, and the cells were washed and suspended in Dulbeoco's PBS (pH 7.4) as previously described (9). The cells with purity of 195% PMN as judged on Giemsrt-stained smears and viability of 298% as determined by the trypan blue dye exclusion were used for our experiments.
Release of cytoplasmic LDH was used as an indicator of cell damage (10). Rupture of cells by 0.2% Triton X-100 led to the release of total LDH.
Assay of Oz-production by PMN. The 02-production was measured by determination of superoxide-dismutase-inhibitable reduction of a ferricytochrome C (Sigma Chemical Co., St. Louis, MO) reduction assay ( 1 1). Cells were suspended at 1.0 X lo6/ mL in the buffer and preincubated for 10 min in the absence or presence of dopamine hydrochloride (Sigma). The total volume of all reaction mixtures was I mL; they contained 100 p L of PMN suspension (1.0 X lO'/mL), 50 eL of 2 mM ferricytochrome C, and 25 pL of buffer (sample tube) or superoxide disrnutase (reference tube). After the reaction mixture was temperature equilibrated (37'C), the reaction was started by adding lo-' M of FMLP (Sigma) . After incubation for 6 min, the tubes were immersed in an ice bath and centrifuged. Supernatants of duplicate samples were assayed spectrophotometrically at 550 nm with a reference wavelength at 540 nm; absorbance was converted to nmol of cytochrome c reduced (nmol 02-/lo6 PMN), which was determined using a molar extinction coefficient of 19 x 103/cm/mol/L.
In addition, experiments were performed to examine whether the dopamine effect was exerted through b-adrenergic receptormediated action or a-adrenergic receptor-mediated action. For the purpose, PMN were treated for 10 rnin with lo-' M propran- of integral data for 6 min. Assay ofmobility. PMN mobility was measured by the agarose plate method (1 3 ) using lo-' FMLP. The center well on the plate received a 10 fiL volume of cell suspension containing 1 X lo8/ mL PMN untreated or treated with dopamine, and the outer and inner wells received an equal volume of a chemoattractant and nonchemotactic culture medium, respectively. After the incubation at 37'C for 180 min, migration was evaluated by measurement of linear distance in the direction for the chemoattractant (chemotaxis) compared with those for control medium (random migration). The values were represented as migration distance (x0.3 mm).
Assay of bactericiclal ability. A modification of the method of Quie et al. ( i 4) was used to evaluate bactericidal ability of PMN. Sraphj~lococms aureus was used as a test organism. The bacteria were precultured for 18 h at 37°C and then suspended to give an OD of 0.6 at 620 nm in a spectrophotometer. Briefly, 50 pL suspension of PMN (5 x I07/mL), 100 fiL suspension of the bacteria (1 x 108/mL), 350 pL of fresh adult human sera, and 50 pL of dopamine (1 x M) or 50 NL of buffer medium were mixed in a sterile plastic tube and incubated at 37°C for 120 rnin with gentle shaking. After 120 rnin, a 0.1 mL aliquot was removed from the suspension and mixed with 9.9 mL Hanks' balanced salt solution at 4°C. The cells were washed with Hanks' balanced salt solution by centrifugation to remove non-cellassociated bacteria. The cell pellet was resuspended in 10 mL distilled water. After appropriate dilutions (X loo), 0.1 mL of the suspension was spread on plates of Staphylococcus agar No. 1 10 "Eiken" (Tanabe Seiyaku Co., Osaka, Japan) and cultured at 37' C for 24 h (15). Viable bacteria were calculated by colony counts. The value was represented as the percent survival: the value of percent survival = (colony counts of the end of the culture/colony counts of the beginning of the culture for 120 min) x 100.
Measurement o~plasma dopamine levels. Plasma samples were collected from sick infants in the neonatal intensive care unit suffering from neonatal respiratory distress syndrome, persistent fetal circulation, congestive heart failure, or septic shock. They received a dosage of 5, 10, or 15 pg/kg/min dopamine hydrochloride (Kyowa Hakko Kogyo Co., Tokyo, Japan) for the treatment of their disease. The blood samples were obtained from indwelling venous or arterial catheters, collected into a solution of EDTA-2Na (1.5 mg/mL of blood), and placed immediately on ice. About 0.6 m L of plasma was then separated at 4°C and stored at -20'C until the assay. Plasma dopamine levels were determined by HPLC according to the etkylenediamine method (1 6). The results were expressed as ng/mL of plasma.
Sfalistical analysis. Statistical significance of differences between groups was studied using I test. A p value of ~0 . 0 5 was considered significant in all cases.
RESULTS O?-production by FMLP-slim~la~ed neonatal PMN. The effect of dopamine on the 0 2 -production by FMLP-stimulated PMN are shown in Table 1 . Isolated PMN produced 14.1 f 2.9 nmol of 02-per lo6 PMN per 6 min when stimulated with lo-' M FMLP. Incubation of PMN with doparnine resulted in dosedependent inhibition of the 01 production in response to FMLP. The value of percentage inhibition with lo-' M and lo-' M dopamine were 5 1 and 7 1 %, respectively.
The inhibitory efCect on the 0 1 -production was recoverd when PMN were washed four times in Dulkcco's PBS to remove dopamine: 01-production by the celts treated with lom5 M dopamine was recovered to 107% of the valus of the control cells. There was no comparable release of cytoplasmic enzyme LDH (<4% of total cell LDH), excluding the cell damage as a cause of the diminished 0 2 -production. Dopamine did not inhibit the reduction of cytochrome c in the hypoxanthine and xanthine oxidase system, indicating that it did not scavenge Q2-.
Next, experiments were performed to examine some mechanisms of the dopamine effect. When cord PMN were treated with @-blocker, propranolol, before addition of dopamine, there was no inhibition of the dopamine-inhibitory effect on their FMLP-induced 02-production (Fig. 1) . On the other hand, when cord PMN were treated with a-blocker, phentolamine, before addition of dopamine, there was inhibition of the dopamine-inhibitory effect (Fig. 1 ) 
